INTRODUCTION
Exercise-induced free radicals and reactive oxygen spices (ROS) generation are well documented, which may result in oxidative stress defi ned as a situation in which an increased level of ROS generation overwhelms the physiological capacity of the antioxidant's system resulting in oxidative damage to lipids, proteins, and DNA. [1] [2] [3] Oxidative stress is known to play a role in apoptosis through the products of several cell cycle genes such as p53. [4] P53 is composed of 393 amino acids that expression of apoptotic peptidase activating factor-1 which aids in caspse-9 activation and the expression of the Bcl-2 family) and -independent mechanisms (through translocation to mitochondria that altered mitochondrial membrane potential and lead to release of cytochrome C and by interaction with anti-apoptotic portions Bcl-2 and Bcl-xL in the outer mitochondrial membrane). [8] [9] [10] Previous studies have found a relationship between the insulin-like growth factor-1 (IGF-1), cell growth, and p53. [11] [12] [13] IGF-1 is composed of 70 amino acids which are secreted mainly by the liver. [13] Previous evidences showed that IGF-1 have cellular growth and survival ability, [12] the anti-apoptotic property by its ability to depress p53 transcriptional activity [13] and increases p53 degradation via MDM2 ubiquitination, [14] [15] [16] ability to promotes DNA repair in damaged cells through p38 mitogen-activated protein kinase (p38 MAPK). [15] There is limited information regarding the eff ects of exercise on apoptosis. [17] [18] [19] In addition, the acute eff ect of resistance exercise (RE) on circulating p53 remains inconclusive. Previous studies have shown that its circulating levels are either unchanged or exhibit increments following RE. [18, 20] Growing evidence indicates that exercise-induced oxidative stress may be associated with muscle fatigue, muscle damage, and a decrease in physical performance. [21] Accordingly, there is a great deal of interest in antioxidant potential against exerciseinduced damage.
Creatine, or methyl guanidine-acetic acid, is a popular dietary supplement that is used by athletes owing to increase anabolic hormonal response, muscle mass, strength, and sport performance. [22] [23] [24] Research on the antioxidant action of creatine monohydrate (CrM) suggests free radical scavenging ability, [25, 26] ability to reduce lipid peroxidation [27] and DNA susceptibility to oxidative stress [28, 29] and ability to boost the anti-inflammatory [30] and neuroprotective activities. [31] Our previous studies also have demonstrated that CrM has anti-oxidant eff ects, [28, 29] but the eff ects of CrM on exercise-induced apoptosis have not been investigated so far. Therefore, the purpose of this study was to explore the protective eff ects of CrM against exhaustive RE-induced apoptosis in athletes.
MATERIALS AND METHODS

Subjects
Thirty-one male freestyle wrestlers (17-23 years) were recruited from the Guilan Province's to participate in this study. Subjects were informed about the nature, purpose, and potential risks of the study and signed an informed consent form approved by the University of Guilan (80DRT, April 9, 2011). The subjects were Freestyle wrestlers, nonsmokers and did not take any routine medications or supplements during the study period. Subjects were recruited from Freestyle wrestling clubs in the Guilan Province of Iran. They all had at least 6 years training experience and were among the top 10 in national championships. Subjects came to the Exercise Physiology Laboratory at Department of Exercise Physiology, Faculty of Physical Education and Sport Science, University of Guilan, 2012 for baseline measurement including subject's body mass, height, percent body fat, and body mass index one week before testing session [ Table 1 ]. This study was approved by the Ethical Committee of Guilan University.
This study used a placebo-controlled, double-blind, randomized, and parallel study with a CrM group (n = 15) and a PL group (n = 16) to investigate the eff ect of CrM on serum p53, a biomarker of apoptosis, and IGF-1, an anabolic hormone, a er acute incremental cycle ergometer test to exhaustion. Subjects performed incremental aerobic exercise (AE) test to exhaustion before (test 1) and a er 7 days of supplementation (test 2). Venous blood samples for measurement serum p53 and IGF-1 were collected before and a er acute cycle ergometer test. Fi een subjects in supplement group (CrM: 4 × 5 g/day) and 16 subjects in the placebo group (maltodextrine: 4 × 5 g/day) were located with simple randomization method. All subjects completed two AEs testing until exhaustion on cycle ergometer before and a er supplementation period [ Figure 1 ]. The exclusion criteria were included consuming supplementation such as CrM, and the amino acids arginine, glycine, and methionine; anabolic steroids or any other anabolic agents known to increase performance and infection or infl ammation in the subject's body. 
Aerobic exercise test
The subjects completed incremental cycle test to exhaustion on a calibrated electronic cycle ergometer (Tunturi E433) before and a er 7 days of supplementation period. Before each incremental cycle test, the seat height of the cycle ergometer was adjusted for near full extension of the subjects' legs while pedaling. Subjects were instructed to avoid strenuous exercise in the 74 h prior to each testing session. To avoid circadian rhythm eff ects, testing sessions began on the same day of the week and at the same time of the day. Incremental AE test to exhaustion was commenced by 5 min of warm-up at 50 wa s (W) of 60 rpm, then the workload was increased by 30 W every 3 minute until exhaustion at a constant pedaling rate of 60 rpm. Verbal encouragement was used to help motivate the subjects to keep constant pedaling rate of 60 rpm. The power output at exhaustion was recorded to measure endurance capacity by Storer et al. [32] formula: 
Supplementation protocol and dietary analyses
The study was carried out using a randomized doubleblind independent groups design with a CrM group and a PL group. CrM group was supplemented for 7 days with 20 g/day of CrM (Mass Global Nutration/ 5460 Yonge St., Suite 1505, Toronto, ON., M2N 6K7, Canada) at 4 × 5 g doses. PL group was supplemented for 7 days with maltodextrine (Mass Global Nutration/ 5460 Yonge St., Suite 1505, Toronto, ON., M2N 6K7, Canada) in a same dosage as CrM group. The powders were identical in taste and shape and were dissolved in 200 mL of water and ingested four times per day for 7 consecutive days. Subjects were instructed to avoid caff eine consumption for 72 h prior to testing. The subjects completed a 6-day diet records, beginning on the 3-day before the fi rst testing session and ending 3 days before the last testing session, to quantify daily kilocalories, macronutrients, and selected vitamins using the Nutritionist IV computer program [ Table 2 ].
Blood sampling and biochemical analysis Blood samples were collected before (pre) and a er (post) each incremental cycle test to exhaustion session in both groups. Pretest blood collections were performed a er the subjects had rested in a supine position for 15 min, a er which 5 ml of blood was drawn from the antecubital vein. After sampling at rest, subjects performed the incremental cycle test to exhaustion and immediately a er (post) exercise had another 5 ml of blood drawn using a similar technique. Blood samples were collected into serum vacutainer tubes and approximately a er 30 min tubes centrifuged at 6,000 revolutions per minute for 10 min at room temperature to obtain serum for p53 and IGF-1 analysis. Serum samples were stored at 80°C until analysis of the dependent variables. A p53 enzyme-linked immunosorbent assay (ELISA) kit (Human p53 ELISA, Catalog No: BMS256; Bender MedSystems GmbH, Austria, Europe) was used to measure p53 protein concentration in serum samples according to the manufacturer 's protocol. Serum IGF-1 was measured using ELISA kit (Immunodiagnostic Systems Ltd, Boldon, Tyne and Wear, United Kingdom) according to the manufacturer's protocol. To eliminate inter-assay variance, all samples for a particular assay were thawed once and analyzed in the same assay run. All samples were run in duplicate with a mean inter-and intra-assay coeffi cients of variances of 8.9 and 5.5% for serum p53 and 4.3 and 4.6% for serum IGF-1. The detection limits of the p53 and IGF-1 assays were 0.33 U/mL and 3.1 ng/mL, respectively.
Statistical analyses
Statistical evaluation was performed using SPSS so ware for windows, version 16.0 (SPSS, Chicago, IL, USA). Presupplementation and postsupplementation values for serum p53 and IGF-1 concentrations were analyzed using 2 × 2 (treatment × time) repeated measures analysis of variance (ANOVA). Box's test and Mauchly's test were used to check for equality of variance and sphericity levels, respectively. The Greenhouse-Geisser adjustment was used to correct for any violation of sphericity assumption. Eff ect sizes (ES) were computed to compare of changes in the CrM and PL groups. Pearson-product moment correlations were used to measure the relationship between p53 and IGF-1 concentrations. The probability level for all the tests was set at 0.05 to indicate signifi cance.
RESULTS
The physical characteristics of subjects in CrM and PL groups were shown in Table 1 . There was no statistically signifi cant diff erence in age, weight, height, % body fat, BMI, and VO 2max values between the groups (P > 0.05, Table 1 ). 
DISCUSSION
This study was designed to examine the eff ects of CrM supplementation on apoptosis following incremental exercise to exhaustion in young athletes. It is well known that exercise to exhaustion result in oxidative stress. [17] [18] [19] Oxidative stress can activate several important signaling pathways leading to apoptosis through the products of several cell cycle genes such as p53. [4] The tumor suppressor, p53, plays an important role in oxidative stress induced apoptosis through directly regulating the expressions of pro-oxidant and antioxidant genes or through modulating the cellular metabolic pathways. [7] Few studies investigated the acute eff ects of exercise on biomarkers of apoptosis, [17] [18] [19] however, there was no study on the CrM supplementation effects on p53 following acute exercise to exhaustion which is essential for the cell properly adapt its gene expression profi le in response to stress. The fi ndings of this study indicate that incremental AE to exhaustion induces a signifi cant increase in serum p53 level. The augmented p53 response is consistent with other studies using high intensity RE to failure in untrained subjects Sharafi and Rahimi, [29] and similar responses have also been observed with acute bout of maximally activated eccentric contractions in skeletal muscle of rats. [33] Furthermore, regarding to p53 response in pathological and in vitro studies, it has been reported that p53 level in lymph node cancer of the prostate tumor cells was higher in the exercise serum-stimulated cells compared to control, [34] similar results have also been reported in patients with colorectal cancer compared with healthy control. [35] Based on the fi ndings of the current and aforementioned studies could be speculated that the increased oxidants a er exercise and various oxidative related disease such as cancers lead to activation of p53 which is potentially an important mechanisms by which triggers eff ectors gene expression programs in order to preserve genomic intensity and cellular homeostasis including DNA repair, apoptosis, cell cycle arrest, and ROS defense. [5] Since that increased oxidative stress is responsible for p53 up-regulation and previous study showed that antioxidant can inhibit induction of apoptosis. [36] With this purpose Figure 2 : Changes in serum p53 at before-and after supplementation following an acute bout of incremental aerobic exercise test to exhaustion in creatine monohydrate and PL group. *Difference compared to pre exercise (P < 0.05). § Difference compared to post exercise at before supplementation (P < 0.05). † Difference compared to placebo group (P < 0.05) Figure 3 : Changes in serum insulin-like growth factor -1 at before-and after supplementation following an acute bout of incremental aerobic exercise test to exhaustion in creatine monohydrate and PL group. *Difference compared to pre exercise (P < 0.05) in mind, CrM supplementation as antioxidant was used in order to decrease ROS generation and oxidative stress which addressed in the literature. [25] Results showed that p53 response to acute incremental AE to exhaustion signifi cantly reduced a er 7 days of CrM supplementation. In contrast, there was no signifi cant change in p53 response in PL group. The decrement in p53 response due to short-term CrM supplementation may be, in part, a ributed to the antioxidant properties of CrM which lead to decrease ROS levels [25] along with reduced oxidative damage to DNA as measured by 8-hydroxy-2'-deoxyguanosine. [29] The p53 decreasing mechanism foll owing exercise to exhaustion a er CrM supplementation compared to pre supplementation is unknown. As previously mentioned, IGF-1 has anti-apoptotic properties and several studies reported that IGF-1 increases p53 degradation via MDM2 ubiquitination. [14, 15] The fi ndings of this study demonstrated that acute incremental AE to exhaustion increased circulating IGF-1 level which is consistent with several previous studies that demonstrated the exercise-induced IGF-1 increase occurred following very short high intensity exercise (i.e., 90 second), [37] occurred 10 min following the beginning of endurance exercise [38, 39] and occurred in exercise both bellow and above the lactate threshold, [38] as well as Elias et al. [40] reported a transient increase in circulating IGF-1 immediately a er exercise to exhaustion. Moreover, after supplementation, IGF-1 significantly increased by 21.85% in CrM group following exercise to exhaustion. Corroborating to our fi nding Sharafi and Rahimi, [18] reported that plasma IGF-1 level was signifi cantly higher in young resistance trained compared to untrained at immediately a er RE while the higher level of p53 in the untrained group was observed in comparison to resistance trained group. With regards to IGF-1 role in suppression of the normal function of p53, it may be the reason for the lower level of p53 in CrM group in comparison to PL group. Based on the previous study, IGF-1 aff ect both induction of DNA repair and modulation of the MDM2/p19 alternate reading frame/p53 network through p38 MAPK. [15] In summary, to our knowledge, this is the fi rst study to investigate the infl uence of short-term CrM supplementation on apoptosis biomarkers following incremental AE to exhaustion in young athletes. This study demonstrated that p53 level was signifi cantly decreased a er short-term CrM supplementation following incremental AE to exhaustion. As decreased p53 levels indicate a decrease in apoptosis and oxidative damage to DNA, these results suggest that CrM supplementation is likely to decrease the risk of oxidative damage to DNA and concomitant apoptosis. The possible mechanisms that CrM exert anti-apoptotic properties are unknown. Therefore, it is suggested that future studies evaluate the eff ect of short-term CrM supplementation on p53 protein level, activity, and expression in vitro and in vivo studies following exercise-induced oxidative stress. Based on previous and current study it could be speculated that the possible mechanism by which CrM induced decrease in p53 level may be, in part, due to anti-oxidative properties of CrM [25] and may be due to increase in circulating IGF-1 level. [13] [14] [15] Further studies are necessary to determine the role of IGF-1 in regulating p53 following CrM supplementation a er intense exercise.
CONCLUSIONS
Our fi ndings revealed that strenuous AE lead to increasing p53 level which is the main inducing factor for mitochondrialmediated apoptosis and short-term CrM supplementation led to decline in p53 protein following incremental AE to exhaustion. CrM supplementation, which a enuated p53 protein, may lead to inhibition of p53 signaling event and subsequently promoted cell survival and protected the cell from oxidative stress. In this study, the decrease in p53 level and increase in IGF-1 level suggested that short-term CrM supplementation induced a protective eff ect on apoptosis, thereby; coaches and athletic trainers could utilize CrM supplementation to a enuate this process. However, additional researches regarding CrM eff ects' on molecular control points of apoptosis following strenuous exercise are important.
